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I. I NTRODIJCTi ON

Nitramine propellants refer to propellants containing either of the
cyclic nitramines, RDX or IIMX. Solid propellants in the Army inventory
are classified as single-base (nitrocellulose), double-base (nitrocellu-
lose and nitroglycerin), or triple-base (nitrocellulose, nitroglycerin,
and nitroguanidine). Nitramine propellants are being advocated to reduce
barrel wear and to reduce the vulnerability of conventional propellants.

The case for nitramine propellants rests with the relatively low
molecular weights of their combusticn products which produces a lower
adiabatic flame temperature for a given specific force. Nitramine pro-

pellants could replace conventional propellants either to get higher
velocity, with a given flame temperature or to keep the same velocity
with a lower flame temperature. In other words, nitramine propellants
behave like conventional propellants in that barrel wear is proportional
to the adiabatic flame temperature1 . Some experiments suggested, however,
that nitramine propellants produced more wear than conventional propel-
lants with similar flame temperatures2 ,3 . More recent experiments 4 ,5

run to check this anomaly produced some mixed results, but led to the
conclusion that the nitramine propellants behaved like conventional
propellants. Caveny and co-workers6 found an HtMX/inert-binder propel-
lant was more erosive than a single-base propellant with a similar flame
temperature; preliminary results at Calspan Corporation also produced

IR. H. Greaves, H. H. Abram and S. H. Rees, "The Erosion of Guns",
J. Iron and Steel Institute, 119, 113 (1929).

f"Hypervelocity Guns and the Control of Gun Erosion", Summary Technical
Report of Division 1, National Defense Research Committee, Washington,
DC, 1946.

3E. F. Bogga, B. A. Helman and R. P. Baumann, "High Force-Low Flame Tem-

perature, Nitramine-Filled Propellants", Proceedings of the Inter-
national Symposium on Gun Propellants, Picatinny Arsenal, Dover, NY,
October 1973.

4 R. W. Geene, J. R. Ward, T. L. Brosseau, A. iiler, R. Birkmire and
J. J. Rocchio, " Eiosivity of a Nitramine Propellant", BRL Technical
Report TR-02094, August 1978. (AD #A060590)

5 J. R. Ward and R. W. Geene, "Erositivity of a Nitramine Propellant with
Flame Temperature of M30 Propellant", BRL Memorandum Report No. 02926,
June 1979. (AD #A074346)

L. H. Caveny, A. Gany, S. 0. Morris, M. Surwerfield and J. W. Johnson,
"Effect of Propellant Type on Steel Erosion", Proceedings of the 1978
JANNAF Propulsion Meeting, Incline Village, NV, February 1978.
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more wear with a nitramine propellant than M30 propeIllant dcspitc Ilhc
lower flame temperature for the nitramine propellant 7 .

The tests reported here try to gather further data with nitramine
propellants and their conventional propellant counterparts. The compo-
sitions of a double-base, triple-base, and nitramine propellant with
similar flame temperatures were deduced with the Blake thermochemical
code 8 . Compositions were determined at three flame temperatures, 2,700,
3,000, and 3,300 K for a total of nine propellants. The Largc Caliber
Weapon Systems Laboratory (LCWSL) manufactured a small lot of each pro-
pellant for testing. The peak pressure in a closed bomb was determined
for each propellant to verify computed properties.

I1. EXPERIMENTAL

A. Propellants

The compositions of the nine propellants designed with the BLAKE
thermochemical code are listed in Tables 1-3. The grain dimensions and
the heats of explosion were measured and supplied by the LCWSL manufac-
turer. The initials NA, TB, and DB refer to nitramine, triple-base, and
double-base respectively; the integers 1, 2, and 3 denote 2,700, 3,000,
and 3,300 K flame temperature, respectively. The compositions of other
propellants fired in earlier tests are listed in Table 4.

The thermochemical properties of the propellants and the combustion
gases produ.ced with a 0.2-g/cm3 loading density are listed in Tables 5
and b based on results with the BLAKE thermochemical code,. The following
information is provided:

T - adiabatic flame temperature, K,
F - specific force, J/g,
q - co-volume, cm3/g,
%I - average molecular weight of the combustion gases, g/mole,
Cp - specific heat at constant pressure, J/mole,
y - ratio of specific heats.

The propellant gas compositions are also listed in unit: of moles of
gas per kilogram of propellant.

7 F. Vassallo, private cotmnication, report in prepar,-7"o;.

8 E. Freedman, "BLAKE - A Ballistic Thermodynamic Code B'uwJ o, i7.7R,

Proceedings of the International Symposimi on Gun n'ovtZiazU,, 7 ?atim:
Arsenal, Dover, NJ, October 1973.
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T:ABLI 1. COMPOSITIONS AND GRAIN DIMF.NSIONS OF TIlE NITRAMINI: PROPl:I,IANTS

Composition (percent by weight) NA-1 NA-2 NA-3

Nitrocellulose (12.b",, N) 30.0 30.0 30.0

Nitroglycerin 15.6 18.3 21.1

RMx 41.5 41.5 41.5

Lthyl centralite 1.5 1.5 1.5

Dioctylphthalate 11.2 8.5 5.7

Residual alcohol 0.2 0.2 0.2

Dimensions

Length, mm 7.26 9.09 10.90

Diameter, mm 1.78 2.21 2.67

Inner diameter, mm 0.66 0.84 0.99

Web, mm 0.56 0.69 0.84

Heat of explosion, J/g 3454 3869 4308

9



TABLE 2. COMPOSITIONS AND GRAIN DIMENSIONS OF TilE
TRIPLE-BASE PROPELLANTS

Composition (percent by weight) TB-I TB-2 TB-3

Nitrocellulose (12.6% N) 27.4 27.4 27.4

Nitrogylcerin 11.0 22.0 33.)

Nitroguanidine 59.6 48.6 37.6

Ethyl centralite 1.5 1.5 1.5

Sodium cryolite 0.3 0.3 0.3

Residual alcohol 0.2 0.2 0.2

Dimensions

Length, mm 7.06 9.80 11.60

Diameter, mm 1.68 2.1 2.50

Inner diameter, mm 0.71 0.84 1.00

Web, mm 0.41 0.64 0.74

float of explosion, J/g 3622 3906 4375

10
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TABLE 3. COMPOSITIONS AND GRAIN D)IMENSIONS

OF TiIE DOUBLE-BASE PROPELLANTS

Composition (percent by weight) DB-l t)B-2 1) -

Nitrocellulose (13.25'. N) 66.6 o9.8 73.2

Nitroglycerin 20.0 20.0 20.0

11arium nitrate 1.4 1.4 1.4

Potassium nitrate 0.7 0.7 0.7

Lthvl centralite 11.1 7.9 4.5

Residual alcohol 0.2 0.2 0.2

Dimensions

Length, mm 7.82 9.68 11.90

i ameter, mm 2.00 2.41 2.97

Inner diameter, mm 0.84 1.04 1.27

Weh, mm 0.57 0.69 0.85

Heat of explosion, J/g 3417 3793 4229

Ii
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1I ohleS and 6 reveal interesting chemical diffcrtnc.. : t
'o0iihstion gases. The triple-base propellants produce significantly
lcss carbon monoxide and higher amounts of water and nitrogen relative
to the double-base and nitramine formulations. The lower molecular
weights produced by the nitramine propellants arise from reduction of
c trbon dioxide and production of hydrogen.

!i. hevar .easurements

the wear produced by a given propellant was determined by mass loss
from a contoured nozzle in the 37-mm "blowout" gun as was done in the
twko earl ier reports-l 5.

The blowout gun consists of the breech and chamber of a 37-:rnu gun
with the barrel severed just before the forcing cone. A fittinp was
aIdapted to the barrel to hold the nozzle and the rupture disk . A
pressure-gage was placed at mid-chamber to obtain pressurL-ti: data.
A schematic of the blowout gun appears in earlier reports4 , ,. "1hC
dev lopment of the blowout gun is recorded in references 9-11.

[fe shape of the contoured nozzle evolved from early experiments 1 2

with cylindrical nozzles in which the mass loss per shot became constant
after the cylindrical nozzle was worn to the shape also depicted in refer-
ences 4 and 5. The nozzle was made from AISI 4140 steel.

After each firing the nozzle was brushed with a comnerce,,1 cleanser

containing a mild abrasive, rinsed with soap and water, and dried. The
nozzle was weighed on an Ainsworth "Right-a-way" analytical balance.
tith care, the mass loss could be measured within 0.1 mg. To achieve
this precision, the balance was zeroed, the nozzle weighed, and the zero
checked For drift. This sequence was repeated until two nozzle readings
agreed within 0.1 mg and the zero did not change. The following illus-
trates a typical sequence of weighings.

W ,, "Erosion in Vent Plugs", BRL Report 7b. 7o. , ,

eanJ, "Erosion in Vent Plugs-II-The Effect c, . .
"'. ':. R ,-"eport 578, January 1946.

;:'iaozni a B. B. Groliman, "Experiments on the Burnin. o." :
S oW t Chaiber", BRL Report Ale. 588, November 1945.

E.os E. R. Weiner, "Experiments on the Erosor
e2hnque", BRL Report 1012, March 1957. (AD n,363-

1 0



We ighing Mass,

I .12S.5207 zero drifted
125.S210 zero drifted

5 125.5211
1 125.5211

reported nozzle mass 125.5211

[hC care taken durillg weighing is mentioned to show error in weighing is
not the reason for the previously observed 4 ,5 deviations in mass loss
repeatabilit. Blank experiments were also done to show a nozzle could
K, rcpeaitedl washed, dried, and weighed with the nozzle mass remaining
ithi Oi . I Ig.

ihe rupture disks were punched from 14-gauge, hot-ro lled steel (\[,I
\I 1.lhe measured disk thickness ranged from 1.73 to 1.75 nm (0.068-

.o19 ill); Brinell hardness measurements on the disk surface ranged from
110 to INo. The initial experiments 4 used 16-gauge, cold-rolled steel
t\.3uoi which had a Brinell hardness less than 100; the 16-gauge disks
,,ere 1.5-1 mm (0.060 in) thick. The combination of physical properties
and disk thickness produced a range of rupture pressures as illustrated

Rupture Pressure, MPa
Number of Disks A366 (1.54 mm) A415 (1.75 mm)

193 248
283 324

4 413

Charge weights were determined by computing the propellant mass
required to give 303 NlPa (44 kpsi) for two shear disks and 393 MPa (57
;psi) for three shear disks to insure sufficent gas was generated to
-hear the disks cleanly and reproducibly.

lhe charges were ignited with M1BlA2 percussion primers except where
toted.

11I. RESULTS

the peak pressures measured in a closed vessel are summarized in
Table 7 along with the impetus calculated from the following:

F = P( - n(1

17
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) Ce Ifc tic t0l'C ' 0r impl)etuS, .1/g,
loidinIg density, g/cin3 ,

1 co -vo ume, cm-1/g
P maximlri pressure, ,MlPa.

he agreemient between the experimental impetus and the impetus computed
from the BI AKI. the r ochemical code shows the propellant manufactured at
the I,'W-I, conforms to the composition specified.

rhe firin record for this test series is placed in Appendix A,
khile \ppend ix LB illustrates pressure-time curves for the propellants
testcd . A new, nozzle was used for each propellant. Tables 8, 9 and
il) summrize the wear measurements for the nine propellants at each
rupture pressure. Ihe mean mass loss per shot and sample standard devi-
'it Lon are computed along ith the slope and the intercept determined
1'r01 a linear least-squares fit of the mass losses vs shot fired. In
.enI r;l the slope of the linear least-squares line agrees with the mean
1;1ss loss. A similar observation was made in the first two test series-,-.

Y~ibles 11 and 12 collect the sample means and standard deviations.
B' tnspection one sees erosion increases with flame temperature and is
independent of the tvpe of propellant for a given flame temperature.

0)e exception might be NA-2 which might be higher than IB-2 or TB-2 at
321 MPa. Nonetheless, the erosion from NA-2 is still below the erosion
produced by' the thrve 3,300 K propellants, and NA-2 produced comparable
erosion to iHB-2 and IB-2 at 248 MPa. One must temper conclusions drawn
Crum the 248 Ml'a results because of the relatively large standard devi-
it ions compared to the mean erosion rate.

lahles 13 and 14 summarize the erosion results with other propel-
ints tested.

1 9



lABI, S. SLTMARY OF EROS ION MEIASUREMENTS FOR DB- I, i' -I, ", A

1)B-I erosion, mg TB-I erosion, mg NA-I erosion, mg
>Samjjj No. 248 Mla 324 ill'a 248 MPa 324 Mlla 24 8 -M P; 324 MN1'a

1 2.4 1.8 5.0 3.2 2.0 1.5

2.3 3.1 2.5 1.8 ".O

1.5.3 2.7 1.1 2.2 0.3

1 2.1 - 3.1 .3

1.5 2.2 - 3.7

0 1.5 - 2.5 - 1.1 -

1.7 - 3.2 -2.o -

S 1.7 - 1.9 - 2.4

9 1.6 - 2.4 - 1.3

lo 1.2 - 2.3 - 1.4 -

11 1.5 - - 1.2 -

12 1.4 - - 1.8 -

13 0.8 - - 1.o -

14 -.... 1.~

1; - - -1.9

I t - - 1. -

sIope, mg/shot 1.0 2.6 .

intercept 2.5 - 3.0 - .

!:ian , mg/shot 1.7 2.1 2.8 2.3 .

std dcv 0.7 0.3 0.9 1.0 0." 0.9

charge mass, g 75 91 74 90 70 85

20



' X. '\ 1 CI Rt)SION .MiASIRLMINTS FOR DB-2, TB-2, AND NA-2

IB-2 crosion, mg TB-2 erosion, mg NA-2 erosion, mg

ic ). 1, - MPa 310 MPa 248 MPa 331 MPa 248 MPa 331 MPa

I , .4 5.5 3,3 2.3 10.7

2.8 5.2 1.8 7.1

5.1 3.7 2.9 4.8 1.6 4.0

13.3 .3 2.9 3.7 2.2 5.6

, 1 3.3 3.1 3.3 3.7 8.1

- 4.1 - 2.4 -

2.1 - 3.0 - 2.4 -

9 - 2.1 - 2.8 -

I.- 2.1 - 0.5 -

- 4.2 - 3.1 -

I A.
0  - 2.9 - 4.0 -

2.8 - 3.7 - 3.9 -

H 2 - 2.3 - 2.2 -

L; 1.9 2.3 - 2.4 -

2t, 2- 3.0 - 2.5 -

2.1 2.8 - 2.7

2.7 . 2.9 4.2 2.0 5.9

2.7 -0.2 2.9 -0.3 -1.7 4.9

!n, ,4/'hot 2.S 3.9 3.0 4.1 2.5 7.1

t I o.7 0.7 0.9 0.9 0.9 2.5

h 85 71 87 o8 82

21



L\BLE 10. SUMMARY 01: EROSION MEASUREMENTS FOR DB-3, TB-3, ANI) NA-3

l)B-3 erosion, mg TB-3 erosion, mg NA-3 erosion, mg
SampLe No. 248 MPa 324 MPa 248 MPA 324 MPa 248 MPa 324 MPa

12-1.2 14.9 3.1 17.5 2.2 13.5

1.9 12.2 3.0 10.7 2.6 16.9

3.1 12.6 3.5 9.4 1.8 13.2

4 3.3 13.6 2.3 10.1 2.4 16.0

5 2.1 9.7 1.4 12.2 2.4 7.5

0 1.5 17.3 3.8 10.5 2.5 8.5

- 4.1 - 3.4 - 3.4 -

S 3.0 - 4.4 - 4.7 -

9 5.2 - 3.1 - 3.7 -

3. - 7.7 - 3.9 -

11 4.2 - 4.0 - 2.8 -

12 3.9 - 3.7 - 4.6 -

13 5.9 - 5.0 - 5.7 -

14 5.8 - 7.2 - 6.0 -

13 5.0 - 5.4 - 6.1 -

s tope,
nm/shot 3.8 12.8 4.1 10.6 3.7 12.4

intercept -5.3 1.6 -4.9 6.6 -5.5 4.6

;-ean, mg/shot 3.7 13.9 4.1 11.7 3.6 12.6

std deviation 1.4 2.9 1.7 3.0 1.5 3.9

charge mass, g 71 87 69 84 65 80

22



TABLE 11. WEAR MEASURED AT 248 MPa RUPTURE PRESSURI*

Double-Base Triple-Base Nitramine

1 1.7 ± 0.7 2.8 ± 0.9 1.9 ± 0.7

2 2.8 ± 0.7 3.0 ± 0.9 2.5 ± 0.5

3 3.7 ± 1.4 4.1 ± 1.7 3.6 ± 1.5

Wear in mg/shot; error given as sample standard deviation.

TABLE 12. WEAR MEASURED AT 324 MPa RUPTURE PRESSURE*

Double-Base Triple-Base Nitramine

1 2.1 ± 0.3 2.3 ± 1.0 1.3 ± 0.9

2 3.9 ± 0.7 4.1 ± 0.9 7.1 ± 2.5

3 13.9 ± 2.9 11.7 ± 3.0 12.6 ± 3.9

Wear measured in mg/shot; error given as sample standard deviation.

23
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K ! -ol "t~ . tOI propel' loolts; with 'nlliii h " tj.liir tqijip( rt i.i

it ,. .id r'opt ore resores aire collected bclow

Il t,, t I-rosio l, iig/shot

iv- i' 5 0. o

,, 2.3 1.0
(0. .1 1.0

, we,.. 2.-I ± 0.9
0.39

,.5 + 0. 5

.:,o. 1 11 8.2 _ 1. 1 36. 7 0 -. 1 (; .5 3* .
1.1 7 ± Ib. .3.q 02)- .7 -+ 1..4 lVA9 2.0

1.9 1.0
i--i 3.0) i_ 1.5

. ,eneraI, the other propellants fall in line with the nine propellants
std~ in this series, with the glaring exception of M5. lwo separate
, S 01, %1,, ,cre tested at 324 MPa to confirm the higher wear rate relative
tht other propellants With a 3,300-K flamre temperature. "lo further

I strate that the M.- anomaly is not confined to measurements at two
ri,ture pressures, Figure I displays a semi-log plot of wear vs rt,tre

or c: M-e for M30 , IP, M.1, and MS propellants where one sees 15 al o falls
1,)1' 1IP consistently. it is uncertain why N15 p)roduces higher wear rates

o ilm HIT or ldB-5, but it is clear that the difference is not the result
4 i c:ireless experiment at a given rupture pressure.

IV. CONCLUSIONS

1. he erosivitv of three nitramine, double-base, and triple-hase
.r we, Ilant each with a flame temperature of 2,700, 3,000 and 3,300 K

.., ' sard 1.11 a blowout gun. For a given flame temperature, the
it e i c reascd with flame temperature.

Ili(. crosivity of MS propellant was measureably higher than all
propel n ts with the same flame temperature. No explanation exists

H. , difference at this time.
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,AP'ITNDIlX B.

l'r ,Ss1r1t s h'i. t'oi r Lach Propcllant [Fi,.cd in this Ilust r

I09 MNa per division (vertical)]
12 ms per division (horizontal)]
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SHOT NUMBER: 0
PROPELLANT: N-1

CHARGE WEIGHT: 70 gramns
DISKS: 2
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SHOT1 NUMBER:
PROPELLANT: TB- I

CI LARGEM WEWI IT: 74 grams
D)ISKS:2



PROPELLANT: DB- I

CHARGE WEIG11T: 75, grams~
D ISKS: 2



SH OT NUMBITN I3
PR 0PF LlANT: N-2

( RGIE laIT: 08 r~m
1)i1 KS:



II

SHOT NUMBER: 44
PROPELLANT: DB-2

CHARGE WEIGHT: 73 grams
DISKS: 2

I!



SHOT NUMBER: 54
PROPELLANT: TB-2

CHARGE WEIGHT: 71 grams
DISKS: 2
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SHOT NUMBER: 99
PROPELLANT: PPL-A-6260 (HEFP)
CHARGE WEIGHT: 66 grams

DISKS: 2

I o



SHOT NUMBER: 106
PROPELLANT: TB-3

CHAR GE- WEIGHT: 69 grains
DtSKS: 2
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SHOT N1JMBFR 108

PROPELLANI: DB-3
CHARGE WEIGHT: 71 grams

DISKS: 2



SHOT NUMBER: 116
PROPELLANT: N-3

CIARGE WE IGIIT: 05 grams
[SKS; 2

I 9



SH OT[ NUMI3L'R: 155
PROPELLANT: N-'

CHARGE WE IGHT[I: 82 ~r
D)ISKS: 3



SHOT NtJRR: 15I
PROPELLANT: DB- 2

CHARGE WEIGHT: 85 grams
DISKS: 3



SiioT NUMBER: loo
PROPELLANT: TB-2

CHARGE WEIGHT: 87 grams
DISKS: 3
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SHOT NUMBER: 168
PROPELLANT: DB-3

CHARGE WEIGHT: 87 grams
DISKS: 3



SHOT NUMBER: 169
PROPELLANT: TB-3

CHARGE WEIGHT: 84 grams
DISKS: 3



SHOF NUM~iBER: 170
PROPELLANT: N - 3

CHARGE WEIGHT: SOgr0
hUSKS:3
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74-

SHOT NUMBER: 184
PROPELLANT: TB-I

CHARGE WEIGHT: 90 grains
DISKS: 3



SHOT NUMBER: 180
PROPELLANT: DB- 1

CHARGE IVEICLJT: 91 grams
DISKS: 3~



SHOT NUMBER: 196
PROPELLANT: RAD-PE-4S0- 11 (1,5)

CHARGE WEIGHT: 89 grams
DISKS:3



SIIUC I HdlIl 12

Pl~OLLL~l (ll 43U2~M7

NISKS:



SHOT NUMBER: 200
PROPELLANT: R-29 (M30)

CHARGE hEIGHT: 86.4 gramns
D)ISKS:3

0 1



SHOT I UMITR: 2(,
PROITIAN[l NIS0C-2

C. I IARGL I M I G I F I :9 168 gr
1) 1' KS:
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